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Heart stimulation apparatus. 



© The invention relates to a heart stimulation apparatus (14) for intracardial stimulation of heart tissue 
comprising an electrode device (1) with an electrode head (3) provided on the distal end thereof, having at least 
a first conductive surface (4 - 7) and a second conductive surface (4 - 7), a stimulation pulse generator (21) and 
a switch (15) for selectively connecting the conductive surface(s) (4 - 7) to the stimulation pulse generator (21) in 
any possible combination. In order to reduce the energy consumption, an autocapture means (23) is provided 
which automatically test a number of possible combinations of conductive surfaces (4 - 7) for stimulation and 
selects the combination providing the lowest stimulation threshold. 
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This invention relates to a heart stimulation apparatus for intracardial stimulation of heart tissue and/or 

thereof T* FT* i"^ 5 " 9 e ' eCtr0de With 3 " ^ InstaltedTttT^S 

hereof, whereby the electrode head is equipped with at least a first conductive surface for stimulating heart 
tissue and/or sensing hear, signals connected to a first conductor and a second cltfu^ «2£ tor 

fi sTton? I 6 "' " S r e a ' ld/ r SenSmg hea " Signa ' S ' S3id S6C0nd COnductive •« in SedTrom the 

2, ?° ndUCt ' V i e SU ' face and connected to a second conductor, insulated from the first conductor a 
s mulatron pulse generator and/or a detector and a switch for connecting one conductive surface ^ a 
plurality o, conductive surfaces, to the s„mu,a„on pu.se generator and/or the detector in any de^d 



manner 

10 



ran P atent 4 - 6 28.934 describes a heart stimulation apparatus in which an electrode device's distal end 
can be provided w„h a plurality of independently connectable electrodes. The ring electrodes descr bed"n 

^^aTE^* " W ' ^ > °~ e,6Ctr0de ^ *~ ^ «*• ^ ~hS 
An electrode dev.ee ,s poor ar, through U S patent 3.91 1,928. A plurality of relatively small conductive 
surfaces are arrayed on the head of the eloc.,od„ dov.ee ,n order to reduce the threshoW vafue and thus 
energy consumption. All the conductive surfaces thc head of this electrode device are connect Ho the 
same conductor. Th, S can resuf, ,n needless.y „,, vv o,,, gy consumption, since som of the oZu2e 
surfaces are not .n contact w,th heart tissue lo- st.mui.,1.. .n conauctive 

£ a, r 4 ^°' 852 deSCnbeS 3 pacemakL -' ^ distal end has a plurality of relatively 

large conductive surfaces connected to the same .:,;„„ i„ P Y re,atlve| y 

The object of the invention ,s to achieve a ho.-,,, ,, m „u. on apparatus of the above-described tvoe with 

aftled a \To h 7 o ST ?" IT SaCh Pa, ' f;n, ^ — * hR ,OWSSt *™°y consump'on ifa J 
attained. Another objective is to achieve optimal sons.n } , t>. ; .,n signals 

This problem is solved with a heart stimulation a ( ,,»u,u £ ,n which the switch is controlled with the =>iH 

coiss'": r ns h such a way ,hat the con """- - a«^^^S5i?d!is 

~^Cv~^° " St ' mUlaI,0n ™ ' n ° rd6r t0 3ChieVe ° Ptimal 

the K^ri^^ - S — ~> — provide,) 

th. nth! m th !! C ° nnection an adv 3ntage if one conduct.w 5 ..rfaco serves as the stimulation electrode and 
the other conductive surface(s) serves as indifferent elcctr .ie eiecirooe, ana 

the inS,an ^' threG COnductive surfaces - a Pulse may be delivered unipolarly via one of 

the surfaces a combination of two surfaces or three s„r,a,:„s. or bipolary between two single surfaces o 
between a Single surface and a double surface. The auiocap.uro means may test all pSs!S oSSSiS 
or a selected number of combinations programmed ov a r.h ys , c ,an possioie combinations 

Further, the simulation pulses could also be displace ,n „me and amplitude at the different surfaces 
This means tha the duration of pulses could vary, but „ also means that a second pulse SSS 
a preceding pu.se emitted. ,„ this manner, a pulse can bo given the exact morphotogy desTred AnZ- 
fhreshoJ SenS ' nQ °' S ' 9nalS bG mad ° Surface < s > P^vidfng the" towest sensing 

thr^^H - StimU ' atm9 ? iPOlarly ' U ' S an advanta 9* " conductive surface providing the lowest stimulation 
threshold is connected to a negative output of the st.muiat.on pulse generator stimulation 

Another advantageous, version of the heart stimulate apoaratus is achieved when the number and 
choice of conductive surfaces, connected via the conduct™, to the detector for sensing are selected 
independently of the conductive surface(s) employed to, s„mu,a„on. This results i large select ^on of 
sensing surfaces on the electrode head. The sensing su„aco may be selectable in such a w th ^Ut is no 
the same surface used for stimulation. This would t* an advantage ,n sensing immedLeTIfter a 
stimu ation, since the stimulating surface is then po.an,od. and any sensing couto " own" T the 
stimulation surface's polarization voltage. According ,c the -nvent.on. i, is proposed that all Z conductive 
so surfaces even be connected to the detector for sensing conductive 
According to another embodiment of the invention. ,. ,s proposed that the conductive surfaces be 

sj'sr^rs? head - ,n this way - °' ™ e — ~ - 

According to an additional embodiment of the .nvcMt.cn. it , s prooosed that th P -i-rt^ta ho ,H k 
55 hemispherical and that the conductive surfaces be arrayud cos. to an fher Tn this °™ a £££ 
.arge number of conductive surfaces can be insta.led on a wy *„«,, electrode head tT hap c the 
electrode head ensures that heart tissue is not damaged. P 
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According to one preferred embodiment of the invention, the center of the electrode head has a 
projecting part with a conductive surface. Since the projecting part is extremely small, this part has at least 
a chance of retaining contact with heart tissue if the electrode head becomes dislocated. 

One version of the invention, simple in design respects, proposes that the electrode head consist of at 
5 least two conductive bodies which are insulated from one another. With such an embodiment design, the 
electrode head can have a configuration in which one of the conductive bodies is displaced in relation to the 
other. The free end of the projecting body, in addition to the sides of the free end, can be insulated to 
prevent any conduction between the conductive surfaces of the bodies. As a result of the structure of the 
electrode head, the conductive surfaces of one body or another, or of both bodies, can be used for 
10 simultaneous stimulation of heart tissue and/or sensing of heart signals. 

Another embodiment of the invention proposes that the electrode head be equipped with a traumatic 
fixation component on which at least one conductive surface is provided. This achieves both fixation of the 
electrode head to the heart wall and ensures that at least two conductive surfaces are in contact with heart 
tissue. 

75 In one constructively simple ombodment of the invention, it is proposed that the fixation component be 

helical. In this way, the electrode head can be partially screwed into heart tissue. 

According to one preferrec c-mi.odimcnt of the invention, at least one of the conductive surfaces is 
made of a microporous material Ai. .i u-sult of the microporous material, the stimulation electrode and the 
indifferent electrode can be mad.:- v.-iy •.-.mall while the conductive surfaces are relatively large at the same 

20 time. 

According to the invention, ; > i >«>•■ r.i thn conductive surfaces can also be coated with a layer of 
ion exchange material. The ion »\.«»>->- ti.ii. -rial serves e.g. as protection against soiling particles. The 
conductive surfaces are highly <.<m-.,h^ i. . m»-m pa-ticles. particularly when the surfaces are made from a 
microporous material. 

25 The invention can suitably t- t.-i.».-o t y -uning a coating of medication on at least one of the 
conductive surfaces. This coatmg n.r. a- ar-.^ntsammatory effect when the electrode head presses against 
or is screwed into the heart wan t" r«-. man-m 'ormation of fibrous tissue around the electrode head, 
something which otherwise coui.t • < i« «••".'•*«- 1 c.» f educed. 

The invention will be descx ---I m ai.-< ■-v.aii m conjunction with the accompanying drawings, in 

30 which 

FIG. 1 is a side view of a h<.. : ri i.t"-una!. ••<> api-atatus to which an electrode device according to the 
invention is connected and st> •*»•• »>«• .» • ■•>-• )•■' i-'octrode head, partly in cross-section; 
FIG. 2 shows a block diagram .i u: :-.t- >>•; t»« ;nt. -. apture arrangement in more detail; 
FIG. 3 illustrates in a flow c^^' <■-•• i-i-.Mt*' awt. >:apture routine which the heart stimulation apparatus 
35 may perform; 

FIG. 4 illustrates in a flow ciar .«>• •!•»•> [■ ■^•-it.iic- autocapture routine which the heart stimulation 
apparatus may perform; 

FIG. 5 is frontal view of an elcct c-v t*a i a« to FIG. 1; 

FIG. 6 is a cross-section of thi.- tuo. d.vio; tn<<;nigh the section line Ill-Ill in FIG. 1; 
40 FIG. 7 is a side view of a hean stimulate n apparatus, to which an electrode device according to the 
invention is attached, with ar cniarg.-d uk.ct' >.:1<j head shown in cross-section and with another 
embodiment of the electrode head than the on.; s.-iown m FIG. 1; 

FIG. 8 is a side view of the distal end el tt>o eio:trodo device, shown in cross-section, according to the 
invention; and 

45 FIG. 9 is another embodiment of the distal end than -he one shown in FIG. 8. 

FIG. 1 depicts a heart stimulation apparatus 14 lot mtracardial stimulation of the heart tissue of a patient 
and/or sensing heart signals. The apparatus 14 comprises an electrode device 1 containing an electrode 
cable 2 equipped with a hemispherical electrode head 3 at its distal end. The electrode head 3 is fitted with 
four round, closely spaced conductive surfaces 4. b. b. / which are evenly distributed on the electrode head 

50 3 and which are electrically separated by insulating material 8. The conductive surface 7 is hidden in this 
Figure 1. Each conductive surface 4, 5, 6, 7 is connected to its own elongate, flexible conductor 9, 10, 11, 
12 extending to the proximal end of the electrode cable, the conductors 9, 10, 11, 12 insulated from one 
another. The electrode cable 2 is also provided with an external layer of insulation 13. The heart stimulation 
apparatus 14 is connected to the proximal end of the electrode cable 2. The heart stimulation apparatus 14 

55 further comprises a switch 15 with four output terminals 16, 17, 18, 19, each connected to its own conductor 
9, 10, 11, 12 for the conductive surfaces 4, 5. 6, 7 on the electrode head 3. The switch 15 also has an 
electronics unit 20 connected to the output terminals 16, 17, 18, 19. The heart stimulation apparatus 14 
additionally contains a stimulation pulse generator 21 and a detector 22 for sensing, each of which 

3 
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Ihfs^LrnTJf t0 Q T ° niCS Unit 2 °- 3nd an ^capture function unit 23 which is connected to 
the stimulation pulse generator 21 , to the detector 22 and to the electronics unit 20 

5 1 °- - 12 ' — *™ - -her, as shown in cross^ 

electrode ^T°^ ^fV ^ ^ ,ntreduced into the P atient 's heart in the known manner and the 
electrode head s applied to heart tissue, the stimulation generator 21 is switched via the electronics unit 20 
e.g via output terminal 18 and conductor 11, to the conductive surface 6, a voltage for sti mating the 
10 heart tissue then bemg applied to said surface 6. The detector 22 is then switched in L sameway via the 

c nlc or^" n' ™ Z n ? ^ ° f ^ t&MS 16 ' 17 « * 19 ^ via »» corresporidLg 
IT* « ??' V f " ° S ° r m ° re conductlve surf aces 4, 5, 6, 7 for sensing heart signals. The number 
and seection of conductive surfaces 4. 5, 6, 7 connected to the detector 22, via one or moreTthe 
conductors 9, 10 11 12, can be selected independently of the conductive surfaces) 4, 5, 6, em loyed for 

T n p,^ , COn . dUCt ' Ve SUrf3CeS 4 - 5 - 6 ' 7 Can be Switched with advanta 9 e t° detector 22 
»nn JIS- ? S ! mCtU L e ^ stimulation a PP aratus 14 which executes the autocapture function 

and selection of electrode surface configuration is shown in a block diagram. The stimulation D I 
generator 21 detector 22 and autocapture funciton unit 23 are, as a.so shown in FIG , connec ed to he 
e ectronics unit 20. In the electronics unit 20 a first switch 121 is connected between outr^Z^i?^ 

fZTZ P T 9enerat ° r 21 ■ 3 S6COnd SWitCh 122 " C ° nneCted betwee " the output tLminaT 17 and t e 
st mu ation pulse generator 21, a third switch 123 is connected between output terminal 18 and the 
stimuation pulse generator 21, a fourth switch 124 is connected between output terminal 19 and he 
stimulator, pulse generator 21, a fifth switch 125 is connected between output termina. 16 and the detector 
22. a sixth switeh 126 ,s connected between output terminal 17 and the detector 22. a seventh switch 27? s 
connected between output terminal 18 and the detector 22 and an eighth switch 128 is connected betwlen 
output terminal 19 and the detector 22. The switches 121 - 128 can. when activated by the alca^ture 

7 0n i8 1 tetfoT COnneC ! an , V ° UtPUt t8rminal 16 ' 17 ' 18 ' 19 ° r COmbination oLutput te 
16, 17, 18 19 to the pulse generator 21 and/or detector 22 respectively. Further, a ninth swrtch 129 can 

aooaSu^?/' 8,the ; ° r b ° th ,° f StimU ' ati0n PU ' Se 96nerat0r 21 detect ° r V to tJ^r^aS 
to ™ n ^ I 7 P T StimUlati ° n 3nd SenSin9 - The ^capture function unit 23 is programmS 
to automatically search for the conductive surface combination which results in the lowest stimuS 
threshold. Th,s means that the autocapture function unit 23 will selectively, through the swtfches 12^ 29 
test a sequence of different stimulation arrangements and select the most efficient one 

The autocapture function in itself is known. Basically, it is performed by reducing the stimulation enemy 
unt.l there ,s no reaction from the heart, i.e. no capture, whereafter the stimulation energy i leasee untfl 
a capture is detected by the detector 22 and the threshold is determined increased until 

FIG. 5 illustrates one possible flow chart for performing a selection of the ten lowest thresholds of all 
programmed combinations. The number of possible combinations could be larger than the numbe o 

SnT^ COmb,nab ° ns k This because » ™v. instance, not be suitable to stimulate Hr»^ 
two conductive surfaces which are located too closely to each other Between 

The flow chart commences with the first block by starting TEST A and assign the first combination 

n e = fi st co e mb n na; 0n th6n , Pr ° Ceed ^ S6leCti0n and C ° nnecti0n 0f the ^ el -trode comt at "n 
i.e. first combination of conductive surfaces 4, 5, 6. 7, and the threshold is determined for the first 

« m a T . manner - AS thiS TEST A Sha " se,ect the ten combinations having the lowes 

,5 threshold a question block inquires whether the number n has exceeded ten selections If not the actual 

Zn^uT e t Sh .°' d d6termined Wi " be immediatel V ^red and the number for the actua. comb na 

rlhtLt n '""l by one < n: = n + 1 >- ln the next question block it is determined whether all poss ble 

iim Z * * h f, r t6Sted ' f S0 ' ^ teSt IS 6nded and the ten combinations showing theTweS 
stimu ation threshold will be stored in a memory. If TEST A has not run through all combinations the nert 
so selected and its threshold determined. ^mumauons, tne next is 

w t ^ hen t th f number of tested combinations exceeds ten (YES in block n>l 0 ?), the determined threshold 
or the actual combmation will be compared with the stored thresholds and if any stored thrSSd is hSher 
than the presently determined threshold (YES in block IS STORED THRESHOLD HIGHER?) the s ored 
combination will be replaced with the present combination and threshold. The number oMested combTna 
55 lions is now incremented and the function proceeds as described above comb.na 
It should be noted that this flow chart only indicates the carrying out of the autocapture function If the 
number of possible combinations is large, it could be very inconvenient for a patient if L heart Su it on 
apparatus was to run through all combinations in uninterrupted sequence, .n particular the block DETER- 
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MINE THRESHOLD could therefore include timing functions reducing the number of tests per hour or the 
like. When no specific combination has been selected automatically the heart will be stimulated using either 
a combination and stimulation energy selected by a physician or a combination and stimulation energy 
previously chosen by the autocapture function. 

FIG. 6 illustrates a flow chart for a TEST B. TEST B is a continuation of TEST A and in TEST B the 
stored ten combinations are tested to determine which of the ten that has the lowest threshold. TEST B 
could be routinely performed by the heart stimulation apparatus 14 to ensure that it is the combination 
having the lowest threshold that is permanently activated. 

The flow chart begins with a START TEST B block, which could be initiated automatically at selected 
time intervals by the autocapture function unit 23. The first combination is then addressed (m: = 1) and 
selected in the next block. As in TEST A the threshold is determined. In TEST B it is only relevant to find 
the combination having the lowest threshold and the first threshold will therefore be stored to be compared 
with other combinations. In the next block the number for the combination is incremented and the function 
controls if all combinations have been checked yet in which case TEST B is ended. Otherwise the next 
combination is selected and its threshold determined. The present combination and its threshold is now 
compared with the stored combination and threshold and if the stored threshold is higher, the present 
combination and threshold will replace the previously stored combination and threshold and the function 
proceeds by incrementing the number of combinations. If the stored threshold is lower than the actual 
threshold the function will only proceed to check out the next combination. When TEST B is ended the 
autocapture function unit will use the selected combination until a new test may indicate that another 
number of combination is preferable, or when a physician by telemetry by means of an external 
programming unit selects a different combination for stimulation. 

Analogously the autocapture function unit may select a combination of conductive surfaces 4, 5, 6, 7 
which provides the best sensing level for the detector 22. 

It may be convenient if the block DETERMINE THRESHOLD in TEST B, as in TEST A, is provided with 
means for prolonging the entire test so that the patient will be as unaffected by the TEST as possible. 

There are other possible test routines which the autocapture function unit 23 may execute. For example, 
it may test all possible unipolar stimulation combinations and permanently select the conductive surface(s) 
providing the lowest threshold as stimulation electrode in a bipolar combination. The conductive surface(s) 
serving as stimulation electrode should in this connection be connected to a negative output of the 
stimulation pulse generator 21 as this will provide a lower threshold then if the stimulation electrode were to 
be connected to a positive output. Further, when connected bipolarly the autocapture function unit 23 may 
switch the connection so that the negative conductive surface(s) becomes positive and vice versa. The pole 
change may be executed automatically if an increase in the threshold is detected by the autocapture 
function unit 23, thereby testing which of the two combinations provides the lowest threshold. 

FIG. 7 shows a heart stimulation apparatus 224 with a function corresponding to the function shown and 
described in FIG. 1. An electrode device 225, whose design only differs from the previously illustrated and 
described electrode device 1 by having a different configuration for the electrode head, is connected to this 
heart stimulation apparatus 224. Thus, the electrode device 225 contains a cable 226 on whose distal end 
an electrode head 227 is provided. The electrode head 227 consists of two conductive bodies, 228, 229 
which are electrically insulated from one another by a layer of insulation 230. The center of the body 228 is 
equipped with a through opening in which the body 229 is inserted. The bodies 228, 229 are also displaced 
in relation to one another so the electrode head's 227 center, as seen from the side, has a projecting part 
formed by the body 229, the side of the partially free end of this body having a conductive surface 231. The 
free surface of the body 228 forms a second conductive surface 232. Since the insulation 230 covers the 
body 229, in addition to the end side, no electrical conduction can occur between the conductive surfaces 
231 , 232. These conductive surfaces 231 , 232 are connected to a respective elongate, flexible, insulated 
conductor 233, 234 extending to the electrode cable's 226 proximal end and connected to their respective 
output terminal 235, 236 on a switch 237 which also contains an electronics unit 220 which functions 
analogously with the previously described electronics unit 20. The electronics unit 220 is, in turn, connected 
to a stimulation pulse generator 221, a detector 222 and a function unit 223 for autocapture. The electrode 
cable 226 is also provided with an external layer of insulation 238. As a result of the described electrode 
device with its electrode head 227, either the conductive surface 231 or the conductive surface 232, or both 
surfaces 231, 232 in combination, can be used for stimulating a patient's heart tissue and/or sensing heart 
signals. 

FIG. 8 shows the distal end of a bipolar electrode device for intracardial stimulation of heart tissue in a 
patient. The electrode device contains an electrode cable 301 on whose distal end an electrode head 302 
with a helical fixation device 303 is installed. The electrode head 302 is provided with two conductive 
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surfaces 304,305, each connected to its own elongate conductor 306, 307 which runs inside the electrode 
cable 301 and extends to the proximal end of the electrode cable, said conductors 306, 307 insulated from 
one another by a layer of insulation 308. The electrode cable 301 is also provided with an external layer of 
insulation 309. Th,s FIG. shows that one of the conductive surfaces 305 can be provided on the anterior end 
of the fixation device 303, and the rest of the fixation device is provided with an insulating surface coatinq 
310, the conductive surface 304 forming a ring around the seat of the fixation device 303. The conductive 
„ , • 305 ,. are made of a ™croporous material, such as titanium nitride. To protect these surfaces 
304, 305 from soiling particles, the surfaces are coated with a layer of ion exchange material 31 1 which in 
this embodiment, is in turn coated with a layer of medication 312 which is to exert e.g. an antiinflammatory 
effect when the electrode is applied. The conductors 306, 307 for the conductive surfaces 304 305 can be 
connected in an optional manner to different poles in a pacemaker (not shown) in such a way that 
conductive surface 304, for example, serves as an indifferent electrode and conductive surface 305 serves 
as a stimulation electrode. When necessary, the conductive surface 305 can consequently serve as the 
indifferent electrode and the conductive surface 304 be used as the stimulation electrode 

FIG. 9 shows a non-traumatic electrode device containing an electrode cable 313 on whose distal end 
an electrode head 314 is installed. The electrode head 314 is made up of two conductive bodies 315 316 
which are electrically insulated from one another by a layer of insulation 317. The center of the body 315 is 
provided with a through opening ,n w„cn the body 316 is installed. The bodies 315, 316 are even displaced 
in relation to one another so the con,,,, o- the electrode head 314, seen in profile, has a protruding part 
20 formed by the body 316, the part.a.iy one s.de of this body consisting of a conductive surface 318 The 
free surface of the body 315 form, .-, , n,„i rrwiurhve surface 319. Each of the conductive surfaces 318 
319 is connected to an elongatr f. -..t.i. ,n,i,,„i„ally insulated conductor 320, 321 which runs to the 
proximal end of the electrode cab, 313 ft,,- . i„ .,r*ie cable 313 is also provided with an external layer of 
insulation 322. With the electrode d-v, ,. .„„1 ,„ o.oc.rode head 14. as described in this FIG either the 
conductive surface 318 or the conjuct.v: *„..*., 319 can be connected to a pacemaker in such a way that 
either, as described referring to FIG 8 >.,v, as an indifferent electrode or as a stimulation electrode 
Conductive surfaces 318, 319, wh,:n a, t m.»v. ot m.ooporous material, can, like conductive surfaces 304 
305 in FIG 8, be coated with an „„ ,n.„,,,ai and with a layer of medication, even if this is not 

shown in this Figure 9. 

The electrode device's electro- h...*, a..,-^ to the invention is not limited to the described 
embodiments. The essential thing , : tr .,t it*, c .-kiuo.vc surfaces on the electrode head are electrically 
insulated from one another so .fx an opportunity to use one or a desired combination of 

several conductive surfaces for atta„>.ng ooi.ma. st.muiahon with minimal energy consumption. The number 
of conductive surfaces is not lim.tcd m a„o„cn :r*, and shape of all or some of the surfaces can vary 
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Claims 

1. A heart stimulating apparatus for intracardial stimulation of heart tissue and/or sensing heart signals 
comprising an electrode device with an electrode head installed on the distal end thereof, whereby the 

5 electrode head is equipped with at least a first conductive surface for stimulating heart tissue and/or 

sensing heart signals connected to a first conductor and a second conductive surface (4 - 7; 231, 232; 
304, 305; 318, 319) for stimulating heart tissue and/or sensing heart signals, said second conductive 
surface (4 - 7; 231, 232; 304, 305; 318, 319) is insulated from the first conductive surface (4 - 7; 231, 
232; 304, 305; 318, 319) and connected to a second conductor (9-12; 233, 234; 306, 307; 320, 321), 

w insulated from the first conductor (9 - 12; 233, 234; 306, 307; 320, 321), a stimulation pulse generator 

(21; 221) and/or a detector (22; 222) and a switch (15; 237) for connecting one conductive surface (4 - 
7; 231, 232), or a plurality of conductive surfaces (4 - 7; 231, 232), to the stimulation pulse generator 
(21; 221) and/or the detector (22; 222) in any desired manner, characterized in that the switch (15; 
237) is controlled with the aid of an autocapture means in such a way that the conductive surfaces (4 - 

75 7; 231, 232) are automatically connected in different combinations, via the conductors (9 - 12; 233, 

234), to the stimulation pulse generator (21; 221) in order to achieve optimal stimulation with minimized 
energy consumption. 

2. A heart stimulation apparatus as claimed in claim 1, wherein one conductive surface (4 - 7; 231, 232; 
20 304, 305; 318, 319) serves as the stimulation electrode, and the other conductive surface(s) (4 - 7; 231, 

232; 304, 305; 318, 319) serves as the indifferent electrode. 

3. A heart stimulation apparatus as claimed in claim 1 or 2, wherein the conductive surface(s) (4 - 7; 231 , 
232; 304, 305; 318, 319) that provides the lowest stimulation threshold is connected to a negative 

25 output of the stimulation pulse generator (21; 221). 

4. A heart stimulation apparatus as claimed in claim 1 - 3, wherein thet number and choice of conductive 
surfaces (4 - 7; 231, 232), connected via the conductor(s) (9-12; 233, 234) to the detector (22; 222) for 
sensing, are selected independently of the conductive surface(s) (4 - 7; 231, 232) employed for 

30 stimulation. 

5. A heart stimulation apparatus as claimed in any of claims 1 - 4, wherein all the conductive surfaces ( 4 
- 7; 331, 332) are connected to the detector (22; 222) for sensing. 

35 6. A heart stimulation apparatus as claimed in any of claims 1-5, wherein the electrode head (227) 
consists of at least two conductive bodies (228, 229) which are insulated from one another. 

7. A heart stimulation apparatus as claimed in claim 6, wherein the center of the electrode head (227) has 
a projecting part (229) with a conductive surface (231 ). 

40 

8. A heart stimulation apparatus as claimed in any of claims 1 - 6, wherein the electrode head (302) is 
equipped with a traumatic fixation component (303) on which at least one conductive surface (305) is 
provided. 

45 9. A heart stimulation apparatus as claimed in claim 8, wherein the fixation component (303) is helical. 

10. A heart stimulation apparatus as claimed in any of claims 1 - 5, wherein the conductive surfaces (4 - 7; 
231 , 232) are evenly arrayed on the electrode head (3; 237). 

50 11. A heart stimulation apparatus as claimed in any of claims 1 - 5, wherein the electrode head (3) is 
hemispherical and the conductive surfaces (4 - 7) are arrayed close to one another. 

12. A heart stimulation apparatus as claimed in any of claims i -11, wherein at least one of the conductive 
surfaces (304, 305; 318, 319) is made of a microporous material. 

55 

13. A heart stimulation apparatus as claimed in claim 12, wherein at least one of the conductive surfaces 
(304, 305,; 318, 319) is coated with a layer of an ion exchange material (311). 
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